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Attorney Docket No. 36856.166 

INPUT-OUTPUT BALANCED FILTER 

BACKGROUND OF THE INVENTION 
1. Field of the Invention 

The present invention relates to an input-output balanced filter, and more 
particularly, to input-output balanced filters incorporated in communication equipment or 
the like, such as cellular phones and automobile phones, etc. 

5 2. Description of the Related Art 
% In general, communication equipment such as a cellular phone, an automobile 

RJ phone, and the like, use a differential filter or an input-output balanced filter adapted to 
m function both as a filter and an impedance transformer, arranged between the stages of 
W a mixer and a modulator in a transmitting circuit. As a conventional type of input-output 
Ho balanced filter, a filter shown in the current equivalent circuit diagram of Fig. 1 3 is 
J known. The filter 101 has a circuit structure in which an LC parallel resonant circuit 102 
3 including an inductor L21 and a capacitor C21 , and an LC parallel resonant circuit 103 
including an inductor L22 and a capacitor C22 are connected via connecting capacitors 
C25 and C26. In the filter 101, the signal input between input terminals 11 1a and 1 12a 
1 5 is filtered and then experiences impedance transformation so as to be output between 
output terminals 111b and 1 12b. 

Conventionally, in forming an input-output balanced filter 101, an inductor and a 
capacitor, which are discrete components, are arranged to be connected via a circuit 
pattern disposed on a printed circuit board or the like. This causes the size (the 
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occupied area) of the filter 101 to be greatly increased, thereby preventing reduction in 
size or miniaturization of the device. Another more serious disadvantage is that 
variations in respective electric constants of the discrete components cause a balanced 
transmission characteristic of the input-output balanced filter 101 to deteriorate 
5 significantly. Also, since the electric constants of the discrete components are usually 
set by ranking of specified values, it is difficult to make fine adjustments to the electric 
constants of the components so that a desirable characteristic can be obtained. 
Another problem is that there are fluctuations in the characteristic of the filter 101 
depending on the condition in which the discrete components are mounted. 

Io SUMMARY OF THE INVENTION 

TO To overcome the problems described above, preferred embodiments of the 

j£J present invention provide an input-output balanced filter, which has a greatly reduced 
iy size and, excellent and extremely stable electric characteristics while still allowing for 
2 very fine adjustment of the electric characteristics of the filter. 

r§5 In order to provide such an improved filter according to preferred embodiments of 

m the present invention, an input-output balanced filter includes a first LC bandpass filter 
circuit unit and a second LC bandpass filter circuit unit, in which a common side line of 
the first LC bandpass filter circuit unit and a common side line of the second LC 
bandpass filter circuit unit are electrically connected to each other via a common line. 
20 The novel arrangement described above permits the approximate midpoint of the 

common line to be a phase reference point, so that the first LC bandpass filter circuit 
unit and the second LC bandpass filter circuit unit have a common phase reference 
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point. As a result, this novel arrangement controls fluctuations in a phase characteristic 
of the input-output balanced filter. 

Furthermore, in the input-output balanced filter according to preferred 
embodiments of the present invention, a layered structure is provided and includes a 
5 plurality of insulating layers, a plurality of first coil conductive patterns and first capacitor 
conductive patterns, a plurality of second coil conductive patterns and second capacitor 
conductive patterns, and a common line conductive pattern, in which a first LC 
bandpass filter circuit unit includes the first coil conductive patterns and the first 
capacitor conductive patterns, while a second LC bandpass filter circuit unit includes the 
dO second coil conductive patterns and the second capacitor conductive patterns, and the 
RJ common side line of the first LC bandpass filter circuit unit and the common side line of 
the second LC bandpass filter circuit unit are electrically connected to each other via the 
| j common line conductive pattern. In this novel arrangement, the common line 
q conductive pattern is disposed inside of and arranged on the surface of the layered 
J 5 structure to have an axially symmetrical arrangement 

y3 Thus, the novel arrangement described above permits the first LC bandpass filter 

circuit unit and the second LC bandpass filter circuit unit to be formed in a single layered 
structure, which allows the size of the filter to be greatly reduced and significantly 
miniaturized. Further, the electric constants of the inductors and the capacitors defining 

20 the first and second LC bandpass filter circuit units and the electric characteristics of the 
common line are determined by geometric configurations and sizes of the coil 
conductive pattern, the capacitor conductive pattern, and the common line conductive 
pattern. Therefore, modifications of these conductive patterns permit design 
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parameters of the filter to be freely selected, resulting in a greatly increased freedom of 
design of the filter. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an electric equivalent circuit diagram of an input-output balanced filter 
according to a first preferred embodiment of the present invention; 

Fig. 2 is an exploded perspective view showing a structure of the input-output 
balanced filter shown in Fig. 1; 

Fig. 3 is a perspective view showing an appearance of the input-output balanced 
filter shown in Fig. 2; 

Fig. 4 is a perspective view showing a first modification of a common line 
conductive pattern shown in Fig. 2; 

Fig. 5 is a perspective view showing a second modification of a common line 
conductive pattern shown in Fig. 2; 

Fig. 6 is a perspective view showing a third modification of a common line 
conductive pattern shown in Fig. 2; 

Fig. 7 is a perspective view showing a fourth modification of a common line 
conductive pattern shown in Fig. 2; 

Fig. 8 is a graph indicating attenuation characteristics of the filter when the 
common line conductive pattern is modified; 

Fig. 9 is an electric equivalent circuit diagram of an input-output balanced filter 
according to a second preferred embodiment of the present invention; 

Fig. 10 is an exploded perspective view showing a structure of the input-output 
balanced filter shown in Fig. 9; 
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Fig. 11 is a perspective view showing an appearance of the input-output 
balanced filter shown in Fig. 10. 

Fig. 12 is a perspective view showing a third preferred embodiment of the input- 
output balanced filter according to the present invention; and 

Fig. 13 is an electric equivalent circuit diagram of a conventional type of an input- 
output balanced filter. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring now to the drawings attached hereto, a description will be given of an 
input-output balanced filter according to preferred embodiments of the present 
invention. The preferred embodiments have common reference numerals for the same 
components and portions. 

Fig. 1 shows a circuit structure of a first preferred embodiment of an input-output 
balanced filter according to the present invention. The input-output balanced filter 1 
preferably has at least two LC bandpass filter circuit units 15 and 16, which function as 
band-pass filters. The LC bandpass filter circuit unit 15 has a circuit structure in which a 
LC parallel resonant circuit 2 including an inductor L1 and a capacitor C1 and a LC 
parallel resonant circuit 3 including an inductor L2 and a capacitor C2 are connected to 
each other via a connecting capacitor C5, while the LC filter circuit unit 16 has a circuit 
structure in which a LC parallel resonant circuit 4 including an inductor L3 and a 
capacitor C3 and a LC parallel resonant circuit 5 including an inductor L4 and a 
capacitor C4 are connected to each other via a connecting capacitor C6. 

In an input-output balanced filter, the centra! frequency of the LC bandpass filter 
circuit unit 15 is designed to be the same as that of the LC bandpass filter circuit unit 16. 
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An input terminal 11a of the LC bandpass filter circuit unit 15 is connected to the 
approximate midpoint (a center tap) of the inductor L1 of the LC parallel resonant circuit 
2, while an output terminal 1 1 b of the LC bandpass filter circuit unit 1 5 is connected to 
the approximate midpoint (a center tap) of the inductor L2 of the LC parallel resonant 
5 circuit 3. Similarly, an input terminal 12a of the LC bandpass filter circuit unit 16 is 
connected to an approximate midpoint (a center tap) of the inductor L3 of the LC 
parallel resonant circuit 4, while an output terminal 12b of the LC bandpass filter circuit 
unit 16 is connected to the approximate midpoint (a center tap) of the inductor L4 of the 
LC parallel resonant circuit 5. Also, a common side line 8 of the LC bandpass filter 

jJO circuit unit 15 and a common side line 9 of the LC bandpass filter circuit unit 16 are 

111 connected to each other via a connecting inductor L5. 

S Fig. 2 shows a detailed structure of the input-output balanced filter 1 , which is 

JfJ preferably a surface-mount type having the circuit structure shown in Fig. 1 . The 
jU r inductors L1 and L2 of the LC parallel resonant circuits 2 and 3, which define the LC 
il5 bandpass filter circuit unit 15, and the inductors L3 and L4 of the LC parallel resonant 
ifl circuits 4 and 5 which define the LC bandpass filter circuit unit 16 include coil 

conductive patterns 31a to 31 e, 32a to 32e, 33a to 33e, and 34a to 34e, which are 
disposed on insulating ceramic sheets 21. The capacitors C1 and C2 of the LC parallel 
resonant circuits 2 and 3, and the capacitors C3 and C4 of the LC parallel resonant 
20 circuits 4 and 5, and the connecting capacitors C5 and C6 include capacitor conductive 
patterns 39 to 46, which are disposed on insulating ceramic sheets 23. 

The coil conductive patterns 31a to 31 e and 32a to 32e are respectively located 
on the left side on the ceramic sheets 21 . The coil conductive patterns 31a to 31 e and 
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32a to 32e are electrically connected in series to each other through via holes 36 made 
in the ceramic sheets 21 so as to define respectively the spiral inductors L1 and L2 in 
the LC bandpass filter circuit unit 15. 

The coil conductive patterns 33a to 33e and the coil conductive patterns 34a to 
5 34e are respectively located on the right side on the ceramic sheets 21 . The coil 
conductive patterns 33a to 33e and 34a to 34e are electrically connected in series to 
each other through the via holes 36 made in the ceramic sheets 21 so as to define 
respectively the spiral inductors L3 and L4 in the LC bandpass filter circuit unit 16. 
Each of the coil conductive patterns 31a to 31 e defining the inductor L1 is 
ISO arranged on the ceramic sheets 21 symmetrically with respect to each of the coil 
?tf conductive patterns 32a to 32e defining the inductor L2, and with respect to each of the 
J™ coil conductive patterns 33a to 33e defining the inductor L3. In a similar manner, each 
jij of the coil conductive patterns 34a to 34e defining the inductor L4 is arranged on the 
ceramic sheets 21 symmetrically with respect to each of the coil conductive patterns 
|15 32a to 32e defining the inductor L2, and with respect to each of the coil conductive 
a patterns 33a to 33e defining the inductor L3. As a result, the winding direction of the 
inductor L1 is reverse relative to the winding directions of the inductors L2 and L3, while 
the winding direction of the inductor L1 is in the same direction as that of the inductor 
L4. In other words, mutually adjacent inductors have a winding direction (reverse 
20 direction) arranged to cooperatively intensify the magnetic field, while the inductors 
diagonally opposing each other on the sheets 21 have a winding direction (same 
direction) arranged to cooperatively weaken the magnetic field. This greatly enhances 
the balanced transmission characteristic of the filter 1. 
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Capacitor conductive patterns 39 f 41 , 42, and 45 are respectively located on the 
left side on the surface of the ceramic sheets 23. The capacitor conductive patterns 39 
and 41 define a capacitor C1 of the LC bandpass filter circuit unit 15; the capacitor 
conductive patterns 39 and 42 define a capacitor C2; and the capacitor conductive 
5 patterns 41 , 42, and 45 define a connecting capacitor C5. In a similar manner, 

capacitor conductive patterns 40, 43, 44, and 46 are respectively located on the right 
side of the ceramic sheets 23. The capacitor conductive patterns 40 and 43 define a 
capacitor C3 of the LC bandpass filter circuit unit 16; the capacitor conductive patterns 
40 and 44 define a capacitor C4; and the capacitor conductive patterns 43, 44, and 46 
ftp define a connecting capacitor C6. The pairs of capacitor conductive patterns including 
HJ the pair of 39 and 40, the pair of 41 and 42, the pair of 43 and 44, and the pair of 45 and 

46, are arranged to be axially symmetric relative to each other on the ceramic sheets 
S 23. 

□ An enlargement of the areas of the capacitor conductive patterns 39 to 44 and an 

f£5 increase in the electric capacitances of the capacitors C1 to C4 allow the center 
ffl frequencies of the LC bandpass filter circuit units 15 and 16 to be reduced. 

Furthermore, an enlargement of the areas of the capacitor conductive patterns 45 and 
46 and an increase in the electric capacitances of the connecting capacitors C5 and C6 
allow a pass band width of the LC bandpass filter circuit units 15 and 16 to be 
20 increased. 

A common line conductive pattern 38 is disposed on a ceramic sheet 22. The 
common line conductive pattern 38, which has a substantially U-shaped configuration 
and an axially symmetric pattern, constitutes a connecting inductor L5, which is a 
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common line. Also, each of the ceramic sheets 21, 22, and 23, etc., preferably is a 
sheet in which dielectric particles and magnetic particles are mixed with a binding agent, 
etc. The conductive patterns 31a-34e, 38-46 are preferably made of Ag, Pd, Ag-Pd, Ni, 
and Cu, etc., and formed by printing, or the like. 
5 The above-described ceramic sheets 21 , 22, and 23 are laminated with a 

protection ceramic sheet 25 and a dummy ceramic sheet 24 disposed between them so 
as to be formed into a layered structure 50 by sintering to form an integral unit. The 
input terminal 11a and a relay terminal 51 of the LC bandpass filter circuit unit 15, and 
the input terminal 12a and a relay terminal 52 of the LC bandpass filter circuit unit 16 
CEO are provided on the front side of the layered structure 50. The output terminal 1 1 b and 
[II a relay terminal 53 of the LC bandpass filter circuit unit 15, and the output terminal 12b 
r2 and a relay terminal 54 of the LC bandpass filter circuit unit 16 are provided on the back 
» I side of the layered structure 50. Relay terminals 55 and 56 of the LC bandpass filter 
q circuit unit 15 are provided on the left side of the layered structure 50 and relay 
145 terminals 57 and 58 of the LC bandpass filter circuit unit 16 are provided on the right 
ffl side of the layered structure 50. 

The input terminal 11a of the LC bandpass filter circuit unit 15 is connected to an 
extension which extends from an approximate midpoint of the coil conductive pattern 
31b, while the output terminal 1 1b is connected to an extension which extends from an 
20 approximate midpoint of the coil conductive pattern 32b. The input terminal 12a of the 
LC bandpass filter circuit unit 16 is connected to an extension which extends from an 
approximate midpoint of the coil conductive pattern 33b, while the output terminal 12b is 
connected to an extension which extends from an approximate midpoint of the coil 
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conductive pattern 34b. In other words, the input terminals 11a and 12a, and the output 
terminals 11b and 12b are respectively connected to the approximate midpoints of the 
inductors L1 , L2, L3, and L4 for the purpose of matching impedance between them and 
the external circuit, so as to locate center taps. Usually, the inductors L1 to L4 are set 
5 at high impedance in advance, and the locations of the center taps are set at 

approximate midpoints of the inductors L1 to L4. Moving the locations of the center 
taps permits a value of input-output impedance of the filter 1 to be changed to a desired 
one. More specifically, when the locations of the center taps are moved onto the 
capacitor conductive patterns 41 to 44, the input-output impedance of the filter 1 is 
COO reduced. 

W The relay terminal 51 of the LC bandpass filter circuit unit 15 is connected to an 

end of the inductor L1 (namely, an end of the coil conductive pattern 31 e) and an end of 
Si the capacitor C1 (namely, an edge 39a of the capacitor conductive pattern 39). The 
o relay terminal 55 is connected to the other end of the inductor L1 (namely, an end of the 
rt5 coil conductive pattern 31a) and the other edge of the capacitor C1 and an edge of the 
J5 connecting capacitor C5 (namely, an edge of the capacitor conductive pattern 41). The 
relay terminal 56 is connected to an end of the inductor L2 (namely, an end of the coil 
conductive pattern 32a), an edge of the capacitor C2 and the other edge of the 
connecting capacitor C5 (namely, an edge of the capacitor conductive pattern 42). The 
20 relay terminal 53 is connected to the other end of the inductor L2 (namely, an end of the 
coil conductive pattern 32e), an end of the connecting inductor L5 (namely, an end 38a 
of the common line conductive pattern 38), and the other edge of the capacitor C2 
(namely, the other edge 39b of the capacitor conductive pattern 39). 
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Similarly, the relay terminal 52 of the LC bandpass filter circuit unit 16 is 
connected to an end of the inductor L3 (namely, an end of the coil conductive pattern 
33e) and an edge of the capacitor C3 (namely, an edge 40a of the capacitor conductive 
pattern 40). The relay terminal 57 is connected to the other end of the inductor L3 
5 (namely, an end of the coil conductive pattern 33a), the other edge of the capacitor C3, 
and an end of the connecting capacitor C6 (namely, an edge of the capacitor conductive 
pattern 43). The relay terminal 58 is connected to an end of the inductor L4 (namely, an 
end of the coil conductive pattern 34a), an edge of the capacitor C4, and the other edge 
of the connecting capacitor C6 (namely, an edge of the capacitor conductive pattern 
gtO 44). The relay terminal 54 is connected to the other end of the inductor L4 (namely, an 
y end of the coil conductive pattern 34e), the other end of the connecting inductor L5 
2 (namely, the other end 38b of the common line conductive pattern 38), and the other 

edge of the capacitor C2 (namely, the other edge 40b of the capacitor conductive 
P pattern 40). 

|45 The common side line 8 of the LC bandpass filter circuit unit 1 5 is defined by the 

y3 relay terminals 51 and 53, and the capacitor conductive pattern 39, while the common 
side line 9 of the LC bandpass filter circuit unit 16 is defined by the relay terminals 52 
and 54, and the capacitor conductive pattern 40. The common lines 8 and 9 are 
electrically connected to each other via the common line conductive pattern 38. 
20 In the input-output balanced filter 1 having such a novel arrangement, the 

approximate midpoint of the common line conductive pattern 38 is a phase reference 
point of each of the LC bandpass filter circuit units 15 and 16. Thus, since the LC 
bandpass filter circuit units 15 and 16 have a common phase reference point, 
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fluctuations in the phase characteristic of the filter 1 can be suppressed. Moreover, 
modifications of the geometric shape and size of the common line conductive pattern 38 
allow a pole position in the attenuation characteristic of the filter 1 to be shifted. For 
instance, making a modification to the shapes of common line conductive patterns 38A 
5 and 38B to provide convex shapes as shown in Figs. 4 and 5, or making a modification 
to the shapes of common line conductive patterns 38C and 38D to provide substantially 
H-shaped members as shown in Figs. 6 and 7, allows the pole position to be shifted as 
shown in Fig. 8. In Fig. 8, a curve A1 indicates the attenuation characteristic of the filter 
1 having the common line conductive pattern 38 shown in Fig. 2; a curve A2 indicates 
flO the attenuation characteristic of the filter having the common line conductive pattern 
fU 38A shown in Fig. 4; a curve A3 indicates the attenuation characteristic of the filter 
W having the common line conductive pattern 38B shown in Fig. 5; a curve A4 indicates 
1; the attenuation characteristic of the filter having the common line conductive pattern 
Jh 38C shown in Fig. 6; and a curve A5 indicates the attenuation characteristic of the filter 
|45 having the common line conductive pattern 38D shown in Fig. 7. 
ie Since the inductors L1 to L5 and the capacitors C1 to C6 constituting the LC 

bandpass filter circuit units 15 and 16 are constructed to have integral unit layered 
structure 50, a compact input-output balanced filter 1 which occupies substantially less 
area when mounted on a printed circuit board is obtained. Moreover, since the ambient 
20 temperature with respect to the LC bandpass filter circuit units 15 and 16, and the 
operational conditions in a mounted state of the LC bandpass filter circuit units 15 and 
16 are substantially equal, an input-output balanced filter 1 having a stable 
characteristic can be obtained. Also, each electric constant of the inductors L1 to L4 
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and the capacitors C1 to C6 defining the LC bandpass filter circuit units 15 and 16, and 
the electric characteristic of the connecting inductor L5 are determined by the geometric 
shapes and sizes of the coil conductive patterns 31a to 34e, the capacitor conductive 
patterns 39 to 46, and the common line conductive pattern 38. Therefore, only 
5 modifications of the conductive patterns 31a to 34e, and the like, permit a free selection 
of the design parameters of the filter 1 and easy changes to the design of the filter. 

Furthermore, since the conductive patterns 31a-32e, 39, 41, 42, and 45, which 
define the LC bandpass filter circuit unit 15, and the conductive patterns 33a-34e, 40, 
43, 44, and 46, which define the LC bandpass filter circuit unit 16, are juxtaposed on the 
|10 sheets 21 and 23 so as to be arranged in an axially symmetric manner, the conditions 
RJ for producing the conductive patterns 31a to 34e, etc., are equal. Consequently, the 
S obtained resonant circuit constants of the LC bandpass filter circuit units 15 and 16 are 
ji;! substantially equal, and moreover, since the common line conductive pattern 38 has an 
n axially symmetric arrangement, an input-output balanced filter 1 having excellent, stable 
§15 and well balanced transmission characteristics is obtained. 
y3 Fig. 9 shows a circuit structure of an input-output balanced filter of a second 

preferred embodiment according to the present invention; Fig. 10 shows an exploded 
perspective view of the detailed structure of the same; and Fig. 1 1 shows the 
appearance of the perspective view of the same. The input-output balanced filter 61 is 
20 formed in such a manner that input and output are performed by the capacitors C7, C8, 
C9, and C10, instead of performing input and output via center taps as in the input- 
output balanced filter 1 of the first preferred embodiment described above. 
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The capacitors C7-C10 for performing input and output include capacitor 
conductive patterns 41a to 44a, 41b to 44b, and 71 to 74 on the ceramic sheets 23, as 
shown in Fig. 10. More specifically, the capacitor conductive patterns 71 , 41a, and 41b 
define the capacitor C7, the capacitor conductive patterns 72, 42a, and 42b define the 
5 capacitor C8, the capacitor conductive patterns 73, 43a, and 43b define the capacitor 
C9, and the capacitor conductive patterns 74, 44a, and 44b define the capacitor C10. 

The edge of the capacitor conductive pattern 71 is connected to the input 
terminal 1 1a; the edge of the capacitor conductive pattern 72Js connected to the output 
terminal 11b; the edge of the capacitor conductive pattern 73 is connected to the input 
00 terminal 1 2a; the edge of the capacitor conductive pattern 74 is connected to the output 
W terminal 1 2b; the edges of the capacitor conductive patterns 41a and 41 b are connected 
5 to the relay terminal 55; the edges of the capacitor conductive patterns 42a and 42b are 
% connected to the relay terminal 56; the edges of the capacitor conductive patterns 43a 
n and 43b are connected to the relay terminal 57; and the edges of the capacitor 
£5 conductive patterns 44a and 44b are connected to the relay terminal 58. This novel 
C arrangement permits impedance on the input and. output sides of the filter 61 to be 

reduced, leading to an increase in the freedom in design of the input-output impedance. 

Fig. 12 shows a perspective view of an input-output balanced filter of a third 
preferred embodiment according to the present invention. In the input-output balanced 
20 filter 81 , the common line conductive pattern 38 used in the input-output balanced filter 
of the first preferred embodiment is eliminated, and as an alternative to that, a common 
line conductive pattern 82 is disposed on the side surface of the layered structure 50. 
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The relay terminals 53 and 54 are electrically connected to each other via the common 
line conductive pattern 82 with almost no function as an inductor. 

In the input-output balanced filter 81 having such an arrangement, the 
approximate midpoint of the common line conductive pattern 82 is the phase reference 
5 point of each of the LC bandpass filter circuit units 15 and 16. Thus, since the LC 
bandpass filter circuit units 15 and 16 have a common phase reference point, 
fluctuations in the phase characteristic of the filter 81 are significantly suppressed. In 
addition, if the common line conductive pattern 82 has a function as an inductor, a 
partial cutting-off of the common line conductive pattern 82 by means of trimming via a 

00 laser or the like permits fine adjustments of the characteristic of the filter even after 
n commercialization of the product. 

Jj The input-output balanced filter according to the present invention is not 

SI restricted to the preferred embodiments above, and can be modified in various forms 

□ within the scope of the invention. 

I-45 When impedance between the external circuit connected to the input side of the 

1 filter and the external circuit connected to the output side of the filter is different, for 
example, in order to perform input of the filter, a center tap may be used, while a 
capacitor may be used in order to perform output. 

Further, in the above embodiments, although the LC bandpass filter circuit units 
20 are constructed by connecting the LC parallel resonant circuits through the connecting 
capacitor, the LC parallel resonant circuits may be electromagnetically connected. 

For example, they may be connected by both a connecting inductor and a 
connecting capacitor. Further, conductive patterns can be omitted, and the LC 
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bandpass filter circuit units are not restricted to the multi-staged LC parallel resonant 
circuits. 

Furthermore, in the preferred embodiments described above, the sheets are 
laminated to be sintered in an integrated manner, but other methods are also 
applicable. For example, sheets which have been sintered in advance can be used. 
Also, the filter can be produced by a method described as follows: an insulating material 
in the form of a paste is applied via a printing method, or the like, then the material is 
dried to form an insulating film, and a conductive material in the form of a paste is 
applied on the surface of the insulating film and dried so as to form a coil conductive 
pattern and a capacitor conductive pattern. Such a method of laminating sheets one by 
one can create a filter with a layered structure. 

As clearly seen from the description above, in the present invention, the 
approximate midpoint of the common line defines each phase reference point of the first 
and second LC bandpass filter circuit units. As a result, the two filters have a common 
phase reference point, so that an input-output balanced filter having excellent, stable 
and reduced-fluctuation phase characteristics is obtained. Moreover, modifications of 
the geometric shape and size of the common line conductive pattern 38 permit the pole 
position in the attenuation characteristic of the filter 1 to be easily shifted. 

In addition, since the first and second LC bandpass filter circuit units are 
contained in the single layered structure, it is possible to obtain a compact input-output 
balanced filter which occupies significantly less area when mounted on a printed circuit 
board. Also, since the ambient temperature with respect to the first and second LC 
bandpass filter circuit units, and the operational conditions in a mounted state of these 
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LC bandpass filter circuit units are substantially equal, an input-output balanced filter 
having a stable characteristic can be obtained. Furthermore, the electric constants of 
the inductors and the capacitors defining the first and second LC bandpass filter circuit 
units and the electric characteristics of the common line are determined by geometric 
5 configurations and sizes of the coil conductive pattern, the capacitor conductive pattern, 
and a common line conductive pattern. Therefore, only modifications of these 
conductive patterns permits design parameters of the filter to be freely selected, 
resulting in facilitation of changes in design of the filter. 

Furthermore, since the conductive patterns, which respectively define the first LC 
£|0 bandpass filter circuit unit and the second LC bandpass filter circuit unit, are juxtaposed 
2) on the insulating layer so as to be arranged in an axially symmetric manner, the 
S conditions for producing the conductive patterns become equal. Consequently, the 
m resulting resonant circuit constants of the first and second LC bandpass filter circuit 
O units are substantially equal, and moreover, since the common line conductive pattern 
H 5 has an axially symmetric arrangement, an input-output balanced filter having excellent, 
stable and well-balanced transmission characteristics is obtained. 

While the invention has been particularly shown and described with reference to 
preferred embodiments thereof, it will be understood by those skilled in the art that the 
forgoing and other changes in form and details may be made therein without departing 
20 from the spirit of the invention. 
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WHAT IS CLAIMED IS: 

1. An input-output balanced filter comprising: 

a first LC filter circuit unit including a common side line 
a second LC filter circuit unit including a common side line; 
a common line; 

wherein said common side line of said first LC filter circuit unit is connected to 
said common side line of said second LC filter circuit unit via said common line. 

2. The input-out balanced filter according to claim 1 , wherein the first LC filter 
circuit unit includes at least one LC parallel resonant circuit. 

3. The input-output balanced filter according to claim 2, wherein the at least one 
LC parallel resonant circuit includes an inductor and a capacitor. 

4. The input-output balanced filter according to claim 1 , wherein the first LC filter 
circuit unit includes as least two LC parallel resonant circuits. 

5. The input-output balanced filter according to claim 1 , wherein the second LC 
filter circuit includes at least one LC parallel resonant circuit. 

6. The input-output balanced filter according to claim 5, wherein the at least one 
LC parallel resonant circuit includes an inductor and a capacitor. 

7. The input-out balanced filter according to claim 1 , wherein the second LC filter 
circuit unit includes at least two parallel resonant circuits. 
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8. The input-output balanced filter according to claim 1, wherein said common 
line includes at least one inductor. 

9. The input-out balanced filter according to claim 1 , wherein said filter has a 
layered unit structure and said common line is disposed inside of said layered unit 
structure. 

10. The input-output balanced filter according to claim 1, wherein said filter has a 
layered unit structure and said common line is disposed on ^surface of said layered 
unit structure. 

1 1 . An input-output balanced filter comprising: 
a plurality of insulating layers; 

a first LC filter circuit unit having a plurality of first coil conductive patterns, first 
capacitor conductive patterns and a common side line; 

a second LC filter circuit unit having a plurality of second coil conductive patterns, 
second capacitor conductive patterns and a common side line; and 

a common line conductive pattern; 

wherein said common side line of said first LC filter circuit unit is electrically 
connected to a common side line of said second LC filter circuit unit via said common 
line conductive pattern. 

12. The input-out balanced filter according to claim 1 1 , wherein the first LC filter 
circuit unit includes at least one LC parallel resonant circuit. 
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13. The input-output balanced filter according to claim 12, wherein the at least 
one LC parallel resonant circuit includes an inductor and a capacitor. 

14. The input-output balanced filter according to claim 1 1 , wherein the first LC 
filter circuit unit includes as least two LC parallel resonant circuits. 

15. The input-output balanced filter according to claim 1 1 , wherein the at least 
one LC parallel resonant circuit includes an inductor and a capacitor. 

16. The input-out balanced filter according to claim 15, wherein the second LC 
filter circuit unit includes at least two parallel resonant circuits. 

17. The input-output balanced filter according to claim 1 1 , wherein said common 
line includes at least one inductor. 

18. An input-output balanced filter according to Claim 1 1 , wherein said filter has 
a layered unit structure and said common line conductive pattern is disposed inside of 
said layered unit structure. 

19. An input-output balanced filter according to Claim 1 1 , wherein said filter has 
a layered unit structure and said common line conductive pattern is disposed on a 
surface of said layered unit structure. 

20. An input-output balanced filter according to Claim 1 1 , wherein said common 
line conductive pattern has an axially symmetric pattern. 
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21 . An input-output balanced filter comprising: 

a first LC bandpass filter circuit unit including a plurality of LC parallel resonant 
circuits electromagnetically connected to one another; 

a second LC bandpass filter circuit unit including a plurality of LC parallel 
5 resonant circuits electromagnetically connected to one another; 

an inductor for connecting a common side line of the first LC bandpass filter 
circuit unit to a common side line of the second LC bandpass filter circuit unit; 

an input terminal provided with one of the LC parallel resonant circuits of the first 
LC bandpass filter circuit unit and one of the LC parallel resonant circuits of the second 
SCO LC bandpass filter circuit unit, respectively; 

ft! an output terminal provided with another of the LC parallel resonant circuits of 

5 the first LC bandpass filter circuit unit and another of the LC parallel resonant circuits of 
i[ the second LC bandpass filter circuit unit, respectively. 
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ABSTRACT OF THE DISCLOSURE 



An input-output balanced filter has a greatly reduced size and excellent stable 
electric characteristics. The input-output balanced filter includes two LC bandpass filter 
circuit units. A first LC bandpass filter circuit unit has a circuit structure in which a first 
LC parallel resonant circuit including an inductor and a capacitor is connected to a 
5 second LC parallel resonant circuit including an inductor and a capacitor via a 
connecting capacitor, while the second LC bandpass filter circuit unit has a circuit 
structure in which a third LC parallel resonant circuit including an inductor and a 
capacitor is connected to a fourth LC parallel resonant circuit including an inductor and 
!ff a capacitor via the other connecting capacitor; and, the common side lines of the two 
LSo LC bandpass filter circuit units are connected to each other via a connecting inductor 
S which functions as a common line. 
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